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Abstract 

Background: Several previous studies have illustrated that restricting access to lethal methods can reduce suicide 
rates. The most often cited example was Kreitman's study, showing a reduction not only in gas-specific suicide 
rates, but also in the overall suicide rates because of the lack of increase of other methods. However, method 
substitution is still a major concern in the application of the means restriction strategy to prevent suicide. The aim 
of the study was to investigate whether the reduction in the solids/liquids poisoning suicide rate in 1983-1993 
after the launching of pesticide restriction interventions in Taiwan was accompanied with an increase in the 
suicide rate using other methods (method substitution). 

Methods: Data on age-, sex- and method-specific suicide rates for 1971-1993 in Taiwan were obtained. Changes in 
solids/liquids poisoning suicide rates were compared with suicide rates by hanging and other methods between 
1983 and 1993. 

Results: No concomitant increase in suicide rates by hanging or other methods was noted from 1983 to 1993, 
during which the suicide rates by poisoning with solids/liquids (mainly pesticides) decreased markedly and steadily. 
The phenomenon of method substitution was also not found by sex and age groups. 

Conclusion: In general, no method substitution was found along with the reduction in solids/liquids suicide rates 
in Taiwan. Our study results have also added the evidence that restricting access to methods maybe a promising 
strategy in preventing suicide, particularly in those countries where the "target method" has been found to 
contribute greatly to the suicide rates. 



Background 

A reduction in suicide rates after the launching of access 
restriction interventions was noted in several studies of 
suicide methods, involving domestic gases [1-3], vehicle 
emissions [4], prescriptions [5,6], pesticides [7] and guns 
[8-11]. However, a method substitution hypothesis has 
been proposed, in that a compensatory increase in sui- 
cide rates by other methods might be observed. Studies 
revealed that domestic gas might be substituted by car 
exhaust [3,12], gassing might be substituted by drug 
overdose [13], firearms might be substituted by jumping 
[8] or hanging [14], and car exhaust might be substi- 
tuted by hanging [15] (see Table 1). However, all pre- 
vious studies were done in Western countries and 
pesticides were not discussed in these studies. 
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It is noteworthy that dominant suicide methods differ 
greatly across countries, particularly between Asian and 
Western countries. Poisoning with pesticides was the 
most common suicide method used by Asian people liv- 
ing in rural areas (notably China, Sri Lanka, Taiwan and 
India) [16]. Restricting access to pesticides was strongly 
suggested by the World Health Organization to be a 
major suicide prevention strategy for Asian countries 
[17]. However, few studies from Asian countries have 
investigated whether there was method substitution 
once access to pesticides was restricted. 

In Taiwan, poisoning with solid/liquid substances 
(mainly pesticides) and hanging were the two most com- 
mon suicide methods, and were responsible for about 
90% of all suicide deaths before 1990 [18]. The solids/ 
liquids suicide rate dramatically decreased during the 
1980s, due to the decline in the agricultural population 
and a series of measures launched by the government to 
restrict the availability of pesticides in the general 
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Table 1 Summary of method substitution in ecological studies 



Authors 


Years 


Location 


Target 


Substituted 


Subpopulation 








method 


method 




Burvill et al [12] 


1910-1987 


Australia 


Domestic gas 


Car exhaust 


Males 


Lester [3] 


1950-1970 


United States 


Domestic gas 


Car exhaust 


Males 


Gunnel et al [13] 


1950-1975 


England 


Gassing 


Overdose 


Women or 












young men 


Rich et al [8] 


1973-1983 


Canada 


Gun 


Jumping 


Males 


Caron [14] 


1986-1996 


Quebec* 


Gun 


Hanging 


The youths 


Amos et al [15] 


1987-1998 


England 


Car exhaust 


Hanging 


The young 



* Northern Quebec (Abitibi-Temiscamingue) 



population [19]. However, little is known about whether 
method substitution occurred in Taiwan after restricting 
access to pesticides. 

The aim of the study was to investigate whether the 
reduction in the solids/liquids poisoning suicide rate in 
1983-1993 after the launching of pesticide restriction 
interventions in Taiwan was accompanied with an 
increase in the suicide rate using other methods 
(method substitution). 

Methods 

Data sources 

Using national mortality data files from the Department 
of Health of the Executive Yuan of Taiwan, we obtained 
information on age- and sex-specific annual suicide 
deaths from 1971 to 1993. Causes of death were cate- 
gorized based on the International Classification of Dis- 
eases 8 th revision (ICD-8) for the years 1971-1980, and 
9 th revision (ICD-9) for the years 1981-1993. Since sui- 
cide mortality statistics were usually underestimated, 
and the most common category being misclassified was 
that of undetermined death [20], we defined suicides as 
those deaths coded E950-E959, and undetermined 
deaths as those coded E980-E989. The ICD codes for 
suicide and undetermined deaths did not change from 
the Eighth Revision to the Ninth Revision. 

Analysis 

Data were analyzed by using SPSS for Windows, Version 
12.0 (SPSS Inc., Chicago, Illinois, U.S.A.). Age-, sex- and 
method-specific suicide rates were calculated to examine 
the suicide trends. Age-adjusted suicide rates were cal- 
culated using the world population as a standard. The 
suicide methods were grouped into three categories: poi- 
soning with solids/liquids (E950 and E980), hanging 
(E953 and E983), and other methods (E951 plus E981, 
E952 plus E982, E954-E959 plus E984-E989). The linear 
regression slopes (including 95% confidence interval) for 
suicide rates by solid/liquids, hanging, and other meth- 
ods were calculated to examine the trends of method- 
specific suicide rates during the period 1983-1993. 
Changes in method-specific suicide rates between 1983 



and 1993 were also compared by sex among four age 
groups: 15-24, 25-44, 45-64, and 65 years and older. 

Only 3-digit ICD codes were used for underlying 
cause of death coding in Taiwan, and some detailed 
information was not available. For example, the 3-digit 
ICD codes E950 and E980 included pesticides (E950.6 
and E980.6), analgesics (E950.0 and E980.0), barbiturates 
(E950.1 and E980.1), other sedatives/hypnotics (E950.2 
and E980.2), and other solids/liquids. Fortunately, the 
Department of Health of Taiwan conducted a project to 
retrospectively recode the underlying cause of death 
according to the ICD- 10 for selected years. We obtained 
the recoded mortality data for the years 1987 and 1992, 
from which the solid and liquid poisoning deaths could 
be further classified as pesticides (X68 and Y18), medi- 
cations (X60-X64 and Y10-Y14), and others (X65, X66, 
X69 and Y15, Y16, Y19). We compared the rate differ- 
ences between 1987 and 1992 by sex and age groups. 

Results 

Figure 1 represents the age-adjusted method-specific 
suicide trends with 3-year moving average for both 
sexes, from 1971 through 1993 in Taiwan. During the 
study periods, solids/liquids poisoning and hanging were 
the two major suicide methods. The solids/liquids sui- 
cide rates markedly and steadily decreased from 12.6 
per 100,000 to 3.7 in males and from 10.0 to 2.6 in 
females between 1983 and 1993. Around the same time, 
there was no obvious rise in the suicide rates for hang- 
ing or other methods in both sexes. Further analysis was 
done by examining method-specific suicide trend by age 
and sex from 1971-1993 and found that limited substi- 
tution seemed to takes place among males aged 25-44 
years (Figure 2). 

Table 2 clearly illustrates that there were significant 
downward slopes in the sex-specific suicide rates by 
solids/liquids during the period of 1983-1993 in Taiwan. 
The slope for solids/liquids suicide rates was -0.98 (i.e., 
an annual decrease in the solids/liquids suicide rates of 
0.98 per 100,000) (95% CI = -1.12, -0.80) for males and 
-0.82 (95% CI = -0.96, -0.67) for females. The slope for 
hanging suicide rates was also downward, i.e., -0.20 
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Figure 1 Three-year moving average of age-adjusted suicide rates by methods in Taiwan, 1971-1993. 



j i 
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(95% CI = -0.36, -0.04) for males and -0.13 (95% CI = 
-0.21, -0.04) for females. Although the slope for suicide 
rates by other methods was upward, the value was very 
small and with no statistical significance, i.e., 0.07 (95% 
CI = -0.01, 0.15) for males and 0.004 (95% CI = -0.04, 
0.05) for females. Significant downward slopes for the 
sex-specific solids/liquids suicide rates during the period 



1983-1993 in Taiwan were also found among the four 
age groups (see Table 2). 

Table 3 shows the changes in method-specific suicide 
rates by sex and age between 1983 and 1993. Among 
the four age groups, a marked decrease (a 69% to 86% 
decrease) in the solids/liquids suicide rates contributed 
to the reduction of overall suicide rates (about a 39% to 
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Figure 2 Three-year moving average of age-adjusted suicide death rates by method and age in Taiwan, 1971-1993. 



67% decline). In addition, no obvious compensatory rise 
in suicide rates by hanging or other methods accompa- 
nied the great decrease in the solids/liquids suicide rates 
found between 1983 and 1993. 

In further analysis of the age-adjusted poisoning sui- 
cide rates by pesticides, medications, and other sub- 
stances for the years 1987 and 1992, we found that as 
the male pesticide suicide rates decreased from 5.6 to 
2.1 per 100,000 from 1987 to 1992, the medication sui- 
cide rates and other substance suicide rates also 
decreased, from 1.4 to 1 per 100,000 and from 1 to 0.4 
per 100,000, respectively. For females, the age-adjusted 
suicide rates by pesticides, medications, and other sub- 
stances also decreased from 1987 to 1992: pesticide sui- 
cide rates decreased from 3.6 to 1.7 per 100,000, and 
medication suicide rates decreased 1.3 to 0.6 per 
100,000; other substance suicide rates decreased from 1 
to 0.5 per 100,000. 

Discussion 

Our findings indicated no compensatory rise in suicide 
rates by hanging or other methods from 1983 to 1993 
in Taiwan, accompanying the marked decrease in solids/ 
liquids poisoning suicide rates. The same pattern of 
change occurred in different sex and age groups. 

Several previous studies illustrated that restricting 
access to lethal methods can reduce suicide rates [1-11]. 
The most often cited example was Kreitman's study [1], 



which demonstrated a reduction not only in gas-specific 
suicide rates, but also in the overall suicide rates 
because of the lack of a compensatory rise in the use of 
other methods. However, Gunnell et al, who offered the 
criticism that those analyses have either failed to exam- 
ine trends in method-specific suicide rates or have not 
assessed age- and gender-specific effects, reanalyzed the 
suicide trends in England and Wales in 1950-75, and 
found that the effects of these reductions on overall sui- 
cide rates due to coal gas detoxification were partially 
offset by rises in drug overdose deaths in women and 
younger men [13]. 

In fact, some other studies showed that method sub- 
stitution did occur in some specific subgroups and with 
certain methods, as summarized in Table 1 [3,8,12-15]. 
Among those studies, method substitution seemed to be 
most likely found in young people [14,15] or in males 
[3,8,12]. In addition, as seen in Table 1, we also found 
that non-violent methods (e.g., domestic gas) were often 
replaced by non-violent methods (e.g., car exhaust or 
drug overdose) [3,12,13] and that violent methods (e.g., 
firearms) were often replaced by violent methods (e.g., 
jumping or hanging) [8,14]. 

If suicide rates in Taiwan followed the substitution 
hypothesis, we would expect a compensatory increase in 
suicide rates by overdose, domestic gas and other gas in 
specific demographic subgroups. Our analyses, however, 
did not find such results. Why was there no method 
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Table 2 Linear regression slopes of age-adjusted method-specific suicide rates by sex and age in Taiwan, 1983-1993 
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Hanging 6 


-0.20 


0.07 


-2.84 


0.019* 


-0.13 


0.04 


-3.29 


0.009** 


Others' 
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a Poisoning by solid or liquid substances 
b Hanging, strangulation and suffocation 

c Others including poisoning by gases, drowning, firearms, cutting and piercing, jumping/falling from high places, other and unspecified means and late effects 
of injury 



p-value: * < 0.05; ** < 0.01; *** < 0.001 



substitution in Taiwan? And what are the factors affect- 
ing the occurrence of substitution? 

Three possible factors proposed by Gunnell et al. [13], 
i.e., the accessibility to, and the acceptability and popu- 
larity of the lethal methods were found to have pro- 
found effects on method substitution. 

As to accessibility, there were nearly no limitations on 
the availability of medications, since people in Taiwan 
were free to visit physicians and to buy medications in 
the drugstore. Similarly, domestic gas was also available 
to nearly all people, because it was the main heating 
source for cooking and bathing in every household. 
Also, car ownership had increased annually due to the 
1983-1993 economic development in Taiwan. 

In terms of acceptability, there was no stigma to using 
poisoning with medications, poisons and gas as suicide 
methods in Taiwan society. However, there was still no 
method substitution in Taiwan. This may be due to the 
lack of popularity of other suicide methods during the 
period 1983-1993 in Taiwan. 

The most popular suicide methods in Taiwan were 
poisoning with solids/liquids (mainly pesticides) and 
hanging, which constituted 90% of all suicide deaths in 
the period 1983-1993 [18]. The other suicide methods 
popular in Western countries, such as car exhaust, 



medicine overdose, and gassing, contributed little to sui- 
cide deaths in Taiwan. Therefore, the lack of popularity 
of other violent suicide methods similar to pesticide 
overdosing before 1993 may be one of the possible 
explanations for the phenomenon of no method substi- 
tution in Taiwan. 

There were some limitations to our study. First, the E- 
codes of the ICD-8 and ICD-9, used in Taiwan during 
the study periods, only included three-digits. The code 
E950 (and its analogous counterpart E980) is a broad 
category that includes suicide from all types of solid and 
liquid substances, such as pesticides, prescriptions and 
other poisons. However, the data from the years 1987 
and 1992 show that pesticides were the major ingested 
solid/liquid substances causing suicide death in Taiwan. 
In addition, no compensatory rise in suicide rates by 
medications and other solid/liquid substances was 
found, as the pesticide suicide rates decreased markedly 
from 1987 to 1992. In fact, the sex-specific suicide rates 
by poisoning with pesticides, medications and other sub- 
stances all decreased from 1987 to 1992. 

Second, suicide death is thought to be a complex phe- 
nomenon involving multiple factors. The influence of many 
other factors, such as mental health and the socio-economic 
environment on sex-, age- and method-specific suicide rates 



Lin and Lu BMC Public Health 201 1, 11:712 
http://www.biomedcentral.eom/1 471 -2458/1 1/712 



Page 6 of 7 



Table 3 Changes in method-specific suicide death rates by sex and age between 1983 and 1993 in Taiwan 
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was not considered in this study. Further study is needed to 
test whether changes in psycho -socio- economic conditions 
would have differential effects on the method-specific sui- 
cide rates among particular subpopulations. 

Thirdly, one may wonder why did authors not include 
more recent years for analysis? In fact, the suicide meth- 
ods changed much in the recent decade in Taiwan. In a 
previous study, Lin and Lu reported [21], during the 
1970's and 1990's, the two leading suicide methods in 
Taiwan were poisoning by solids/liquids and hanging. 
These two methods were responsible for about 90% of 
all suicide deaths before 1990. In the contemporary 
years of 1991-2005, nearly all method-specific suicide 
rates seemed to increase in both sexes. However, the 
distribution of suicide methods changed much. The 
contribution of the traditional suicide methods in Tai- 
wan (i.e., hanging and poisoning by solids/liquids) 
decreased, while that of the new methods (i.e., jumping 
from heights and poisoning with other gases) markedly 
increased. In this study, we focused on the testing of 



substitution hypothesis. So, we chose the period 1983- 
1993, when the suicide methods were relatively simple, 
to test the substitution hypothesis. 

Implications for suicide prevention 

As Gunnell et al estimated that pesticide self-poisoning 
accounted for about one-third of the world's suicides and 
suggested that we might prevent many of these deaths by 
restricting the access to pesticides [22]. Our results add to 
the evidence that restricting access to lethal methods is a 
promising strategy in suicide prevention, particularly in 
those countries where the "target method" contributed 
greatly to the suicide rate. Moreover, when we plan to 
restrict one lethal suicide method, we should also be 
aware of the popularity of other possible substitute meth- 
ods with equal access and similar acceptability. 

Conclusion 

In general, no method substitution was found along 
with the reduction in solids/liquids suicide rates in 
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Taiwan. Our study results have also added the evidence 
that restricting access to methods maybe a promising 
strategy in preventing suicide, particularly in those 
countries where the "target method" has been found to 
contribute greatly to the suicide rates. 

Author details 

department of Psychiatry, Chi-Mei Medical Center, Tainan, Taiwan, 
department of Psychiatry, Chi-Mei Hospital, Liuying Campus, Tainan, Taiwan, 
department of psychiatry, School of Medicine, College of Medicine, Taipei 
Medical University, Taipei, Taiwan, institute of Public Health, College of 
Medicine, National Cheng Kung University, Tainan, Taiwan. 

Authors' contributions 

JJL contributed to the study design, analysis and interpretation of the data 
and drafted the paper. THL contributed to the study design, obtained the 
data and commented on the interpretation. All authors have read and 
approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 10 November 2010 Accepted: 20 September 2011 
Published: 20 September 201 1 



16. Cheng ATA, Lee CS: Suicide in Asia and the Far East. In International 
handbook of suicide and attempted suicide. Edited by: Hawton K, VAN 
Heeringen K. Chichester, John Wiley and Sons; 2000:29-48. 

17. Leenaars A: Controlling the environment to prevent suicide. In Suicide - 
an unnecessary death. Edited by: Wasserman D. London, Martin Dunitz; 
2001:259-263. 

18. Chong M, Cheng TA: Suicidal behavior observed in Taiwan: trends over 
four decades. In Chinese Societies and Mental Health. Edited by: Lin TY, 
Tseng WS, Yeh HK. Hong Kong, Oxford University Press; 1995:209-218. 

19. Lu TH: Changes in injury mortality by intent and mechanism in Taiwan, 
1975-1998. Injury Prevention 2002, 8:70-73. 

20. Kelleher MJ, Corcoran P, Keeley HS, Dennehy J, O'donnell I: Improving 
procedures for recording suicide statistics. Ir Med J 1996, 89:14-15. 

21. Lin JJ, Lu TH: Suicide mortality trends by sex, age and method in Taiwan, 
1971-2005. BMC Public Health 2008, 8:6. 

22. Gunnell D, Eddleston M, Phillips MR, Konradsen F: The global distribution 
of fatal pesticide self-poisoning: Systematic review. BMC Public Health 
2007, 7:357. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2458/1 1/712/prepub 



doi:1 0.1 1 86/1 471 -2458-1 1-712 

Cite this article as: Lin and Lu: Trends in solids/liquids poisoning suicide 
rates in Taiwan: a test of the substitution hypothesis. BMC Public Health 
2011 11:712. 



References 



14. 



Kreitman N: The coal gas story: United Kingdom suicide rates, 1960-71. 

Br J Prev Soc Med 1 976, 30:86-93. 

Lester D, Abe K: The effect of restricting access to lethal methods for 
suicide: a study of suicide by domestic gas in Japan. Acta Psychiatr Scand 
1989, 80:180-182. 

Lester D: The effect of the detoxification of domestic gas on suicide in 
the United States. Am J Public Health 1990, 80:80-81. 
Mott JA, Wolfe Ml, Alverson CJ, et al: National vehicle emissions policies 
and practices and declining US carbon monoxide-related mortality. 

JAMA 2000, 288:988-995. 

Carlsten A, Allebeck P, Brandt L: Are suicide rates in Sweden associated 
with changes in the prescribing of medicines? Acta Psychiatr Scand 1996, 
94:94-100. 

Hawton K, Simkin S, Deeks J, et al: UK legislation on analgesic packs: 
before and after study of long-term effect on poisonings. Br Med J 2004, 
329:1076-1079. 

Ohberg A, Lonnqvist J, Sarna S, Penttila A: Trends and availability of 
suicide methods in Finland. Proposals for restrictive measures. Br J 

Psychiatry 1995, 166:35-43. 

Rich CL, Young JG, Fowler RC, Wagner J, Black NA: Guns and suicide: 
possible effects of some specific legislation. Am J Psychiatry 1990, 
147:342-346. 

Loftin C, Mcdowall D, Wiersema B, Cottey TJ: Effects of restrictive licensing 
of handguns on homicide and suicide in the District of Columbia. N Engl 
J Med 1991, 325:1615-1620. 

Carrington PJ, Moyer S: Gun control and suicide in Ontario. Am J 

Psychiatry 1994, 151:606-608. 

Bridges FS: Gun control law (Bill C-17), suicide, and homicide in Canada. 

Psychological Reports 2004, 94:819-826. 

Burvill PW: The changing pattern of suicide by gassing in Australia, 1910- 
1987: the role of natural gas and motor vehicles. Acta Psychiatr Sacnd 
1989, 81:178-184. 

Gunnell D, Middleton N, Frankel S: Method availability and the prevention 

of suicide - a re-analysis of secular trends in England and Wales 1950- 

1975. Sco Psychiatry Psychiatr Epidemiol 2000, 35:437-443. 

Caron J: Gun control and suicide: possible impact of Canadian legislation 

to ensure safe storage of firearms. Archives of Suicide Research 2004, 

8:361-374. 

Amos T, Appleby L, Kiernan K: Changes in rates of suicide by car exhaust 
asphyxiation in England and Wales. Psychol Med 2001, 31:935-939. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



